ABSTRACT The survival of 354 claimants for compensation for pulmonary asbestosis among former workers of the Wittenoom crocidolite mine and mill in Western Australia has been examined. There were 118 deaths up to December 1982. The median time between start of work and claim for compensation was 17 years. The standardised mortality ratio (SMR) for deaths from all causes was 2-65 (p < 0-0001). The SMR for pneumoconiosis was 177-2 (p < 0.0001), bronchitis and emphysema 2-6 (p = 0.04), tuberculosis 44-6 (p < 0-0001), respiratory cancer (including five deaths from malignant pleural mesothelioma) 6-4 (p < 0-0001), gastrointestinal cancer 1 6 (p = 0 22), all other cancers 1 6 (p = 0.17), heart disease 1.4 (p = 0 07), and all other causes 2 18 (p = 0.004). Plain chest radiographs taken within two years of claiming compensation were found for 238 subjects and were categorised independently by two observers according to the International Labour Organisation criteria without knowledge of exposure or compensation details. Profusion of radiographic opacities, age at claiming compensation, work in the Wittenoom mill, and degree of disability awarded by the pneumoconiosis medical board were significant predictors of survival, but total estimated exposure to asbestos was not. Radiographic profusion and degree of disability were, however, predictable by total exposure. The median survival from claim for compensation was 17 years in subjects with ILO category 1 pneumoconiosis, 12 years in category 2, and three years in category 3.
Increased mortality has been observed both in asbestos workers' -3 and in men with radiographic changes of pulmonary asbestosis.4' The causes of premature death which have been identified repeatedly are pulmonary fibrosis, carcinoma of the lung, and malignant mesothelioma of the pleura and peritoneum. An increased frequency of death from primary malignancies arising in other sites has also been renorted but with less consistency. The present study examines the mortality experience and determinants of mortality in claimants for workers compensation among former workers in the crocidolite industry at Wittenoom in Western Australia.
Crocidolite was mined and milled at Wittenoom Gorge and the nearby Colonial Gorge between Cookson, Musk, Glancy, de Klerk, Yin, Mele, Carr, Armstrong, and Hobbs
Subjects
Out of about 7000 workers at Wittenoom, 354 men applied for financial compensation for pneumoconiosis between 1947 and December 1982. Some did not complete the application procedure as awards were for "disability" and those still in employment were considered ineligible for compensation. They nevertheless often had asbestos related diseases and have been retained in this study. Plain chest radiographs were found for 280 of these men and had been taken within two years of an application for compensation in 241 men. Two men who died before consideration of compensation but after their radiographs had been obtained and one whose application was not considered until after December 1982 were not included in the analysis of radiographic changes. Of the remaining 238 men, 168 were awarded financial compensation for disability resulting from pneumoconiosis.
Methods
The work histories of the subjects applying for compensation were extracted from old employment records and supplemented by details from records of public hospitals in Western Australia and the Perth Chest Clinic and from questionnaires returned by former workers as part of the follow up study of all previous employees. ' Plain chest radiographs were sought from the Perth Chest Clinic, the Sir Charles Gairdner Hospital, and other public hospitals where men applying for compensation had been seen. The Causes of death were classified into the following groups according to codes of the ninth revision of the International Classification of Diseases (ICD9) (or their earlier equivalents}: pneumoconiosis, 5000-29, 5050-9; bronchitis and emphysema, 4900-29; tuberculosis 100-189, respiratory neoplasms 1600-39, 2120-9, 2310-9; 2356-9, 2391; other respiratory diseases, 4600-5199 (less pneumoconiosis, bronchitis, and emphysema); gastrointestinal neoplasms, 1500-99, 2110-9, 2301-9, 2350-5, 2390; other neoplasms, 1400-2399 (less respiratory and gastrointestinal neoplasms); heart disease, 4100-4149; and other cir-Compensation, radiographic changes, and survival in applicants for asbestosis compensation fig 1) . Pneumoconiosis, malignant pleural mesothelioma, respiratory cancer, bronchitis and emphysema, and tuberculosis all contributed to the excess mortality.
Plain chest radiographs taken within two years of application for compensation were available for 238 subjects. Subjects in whom chest radiographs were found were younger at starting work (mean 32-3 years, standard error of mean 0-54 years) than those in whom the chest radiographs could not be found (mean 38-7 years, standard error of mean 1-19 years). Only 25% of the subjects with radiographs had died compared with 50% of the 116 subjects without x ray films. The geometric mean total estimated exposure to asbestos did not differ significantly between those with radiographs and those without (56 fibres/cc years, 95% confidence interval 29-99 fibre/cc years, compared with 74 fibres/cc years, 95% confidence interval 49-113 fibre/cc years). (The estimated geometric mean total asbestos exposure of the whole population' was 7 fibres/cc years.) The pattern of mortality in the 238 subjects with radiographs did not differ significantly from the pattern observed in the other 116 subjects. By comparison with the general population the ratio of observed to expected numbers of deaths in these 238 subjects was 2*33. Pneumoconiosis (14 deaths, O/E 162-9) and respiratory neoplasms (14 deaths, O/E 5-72) were the most common causes of death.
The relation between radiographic category and mortality was examined separately for each reader's observations of radiographic changes. There were Compensation, radiographic changes, and survival in applicants for asbestosis compensation (fig 2) . The median survival for mill workers was 17 years from the time of applying for compensation, whereas only 40% of mine workers who had applied for compensation had died before 31 December 1982 (fig 3) .
When the 14 deaths from pneumoconiosis were considered separately, profusion and having worked in the mill remained positive predictors of death (table 3) .
For the 12 subjects who died from lung cancer, age at starting work and time since starting work remained significant positive risk factors for death.
Because profusion of radiographic opacities was found to be a significant determinant of death, whereas estimated total exposure was not, the determinants of profusion were investigated. These were found to be (log) total exposure, age at starting work, and time since starting work (table 4).
In the 168 subjects who had completed full compensation procedures and who had been awarded compensation for disability by the pneumoconiosis medical board the percentage disability awarded was a positive predictor of death from all causes (table 5). In addition it was a significant predictor of death from pneumoconiosis and the most important predictor of death from lung cancer. The median survival time from compensation claim has not yet been reached for subjects awarded less than 25% disability (fig 4) . For subjects with 26-50% disability the median survival was 24 years, for 51-75% disability 14 years, and for 76-100% disability 12 years. The percentage disability awarded by the medical panel was itself predicted by the total exposure to asbestos (p < 0-0001) and the age at starting work (p = 0.045) ( 
Discussion
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